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CHAPTER 4
PI LOT TESTS
4-1. Introduction. Pilot tests have their greatest potential value in
proving that technol ogies which are still in devel opnent in a general sense

can be denonstrated to work properly at a specific site. Even if IAS
processes were perfectly understood, (which is not the case) pilot tests would
still be needed because the site conditions are not perfectly known. Pil ot
tests are essential to ensure that the design variables which nust be

determ ned enpirically are properly nmeasured. They also pernit the designer
to try variations on the basic design to optim ze the application to a
particul ar site geol ogy.

4-2. Pilot Testing Strateaqy.

a. The primary objective of a pilot-scale |AS test is to evaluate the
subsurface response to air injection and extraction. Sufficient time my not
be available to evaluate contam nant fate and renoval rates. The primary
objectives of the pilot test include the foll ow ng.

(1) Determine if injected air can reach the vadose zone in the vicinity
of the I AS wel |

(2) Determne the pressure/flow characteristics at the location of the
I AS wel |

(3) Determne the duration of groundwater transients during start-up
and shut - down.

b. During continuous |IAS pilot tests, data regarding the approxi nate
extent of the ZO, optimal injection rates and pressures, and off-gas handling
consi derati ons can be established. The duration of the expansion and
contraction transient phases is also of interest for pulsed | AS systens. The
sel ected strategy will determne the preferred nonitoring techni ques and | AS
node of operation.

c. The results of pilot-scale testing may be representative of the
physical conditions (e.g., |AS air-entry pressure, pressure distribution, air-
filled porosity) that will occur during full-scale operation, but they may not
be predictive of the I ong-term chenical behavior (e.g., contani nant
concentrations, dissolved oxygen (DO) levels) during full-scale IAS
Different pilot-scale testing approaches often yield different predictions of
full-scale renedial success.

d. Pilot-scale tests typically are focused on determ ning the ZO
(paragraph 2-8a). |If sufficient time is available, the ZO nay be determ ned
by measuring changes in groundwater DO and contamni nant concentrations. |If
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testing must be perforned in a relatively short period of time, geophysica
nmeasurenments of saturation (neutron probe, time-domain reflectonetry, or
resistivity tonography) can be very useful. It should be noted that
establishing the ZO based on DO data requires a significant number of

noni toring points, which are not readily avail able at nost sites. Wl
installation will require additional tine prior to system operation

e. Tracer gases, including sulfur hexafluoride and helium can be
injected and traced to rapidly estimate the ZO, subsurface travel tinmes, and
the efficiency of capture of volatile enissions. G oundwater analytica
results obtained fromsanples collected while sparging is active or the
aqui fer has not stabilized may not be representative of stabilized conditions.
In-well aeration of nmonitoring wells (paragraph 3-3b(2)) is a particular
concern during pilot testing and operation of full-scale |IAS systens;

t herefore, neasurenment of groundwater concentrations is best nade in

noni tori ng points having short screen intervals (e.g., less than 60 cm that
do not pronote in-well aeration. |In cases of standard nonitoring wells having
I ong screen intervals that may preferentially conduct air, measurenents are
best nade either prior to | AS startup, or a while (at |east several weeks)
after | AS shutdown. Another option during IAS pilot testing is to actively
extract groundwater while sanpling so that analytical results are nore
representative of the aquifer. |f an inappropriate punp is used, however
this approach may inadvertently alter the groundwater DO and VOC
concentrations. To mninize the influence of punping during sanmpling on
groundwat er fl ow patterns, |owflow sanpling protocols should be utilized
(Pul s and Barcel ona 1996).

4-3. Pilot Testing Guidance. Detailed guidance on conducting pilot IAS tests
are provided in Marley and Bruell (1995) and Wsconsin DNR (1993), to which
the reader is referred for specific conponent details. Following is a

di scussion of pilot test operating philosophy, and current trends in | AS

eval uation nmethods. Figure 4-1 presents a flow diagram for conducting a
pilot-scale |AS test. The first step is the selection of the test strategy,
as indicated in paragraph 4-2. Second, select and install the injection and
noni toring conponents. Note that there is often contam nation in both the
vadose and saturated zones at |IAS sites. |If the pilot test includes an SVE
system consult EM 1110-1-4001 for detail ed guidance. Finally, injection
tests are conducted at selected flowrates, with prelinmnary, transient and
steady state nonitoring for each iteration. |If sparging is to be conducted in
a well field or with pulsed injection, it is reconmended that tests be
conduct ed under varying pulsing intervals. Figure 4-1 incorporates provisions
for conducting both short-termpre-qualification tests, as well as |onger term
pilot tests used to devel op a design basis for the full-scale I AS system For
exanpl e, dependi ng upon budgetary and scheduling constraints, |AS nonitoring
alternatives may include only injection pressure/air flowrate, water |evel
and DO neasurements fromexisting monitoring wells. |In the event the results
are favorable, a subsequent, longer-termtest could be performed to refine the
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| AS design paraneters. Table 6-1, Suggested Preconmi ssionining Checklist,
shoul d al so be consulted as it provides an overview of the equi pnent and steps
i nvol ved in setting up and starting up an | AS system

a. Equi pnent Cui dance.

(1) Mechanical System The air injection systemconsists primarily of
an injection well, injection blower or punp, and ancillary equipnent to
include a pressure relief valve, inlet filter, and flow control valve to neter
injection rates. Provisions should be nade for measuring pressure,
tenmperature and flow at the wellhead. Figure 4-2 illustrates a typica
installation. Details on selecting and installing the nechanical system are
provided in Chapter 5. Blowers should be capable of injecting a ninimm
airflowof 0.08 nf/mn (3 standard cubic feet/m nute(scfm) at the selected
depth and pressure. Evidence exists (Wsconsin DNR 1993) that the optimal
flowrate is as high as the formation can withstand w thout fracturing the
aquifer. An additional danger of overpressurization is that it can induce
annul ar seal |eakage in the injection well. Mxinumflow rates are linited by
t he overburden pressure, which includes the soil weight and water colum
wei ght. Paragraph 5-3d presents a nethod of cal cul ati ng overburden pressure
for a given sparge depth. The ultinate fate of pilot test conponents should
be considered during the selection process, including whether the conmponents
may be incorporated into a full-scale | AS system Tenporary aboveground
pl umbi ng and el ectrical connections are acceptable for pilot tests; however
care should be taken to ensure that the bl ower power supplies are adequate to
prevent thermal overload, and that the air supply piping is conpatible with
the bl ower outlet temperatures; furthernore, provisions may be included for
heat dissipation (e.g., air-to-air heat exchanger) between bl ower and sparge
well. The surface nechanical system should be tested prior to injecting
subsurface air to verify that the conponents work as desi gned.

(2) Injection Wells.

(a) Wth respect to pilot tests, the primary considerations for
injection well construction are the depth to the top of the screened interva
and the prevention of annul ar space short-circuiting. Practitioners have
installed a variety of screen lengths and depths to the top of the screen
Screen | ength appears not to be a primary design consideration, as research
i ndicates that air generally escapes within a very short interval near the top
of the screen. Screen type also does not appear to be a significant design
consi deration, as pore size distribution in the formation controls airflow. A
0.6 m(two foot) length of continuous wap well screen is generally considered
to be acceptable (paragraph 5-3c(1)). Typical top-of-screen depths for pilot
tests associated with shallow LNAPL contami nation are 1.5 to 6.0 m (5 to 20
feet) below the water table. (Additional guidance on screen depth relative to
stratigraphy, water table fluctuation, and contam nant distribution is
provided in paragraph 5-3c(2)). Injection wells can be installed using
hol | ow st em auger drilling and standard environnental conpletion techniques or

4-4



EM 1110-1-4005

15 Sep 97

JALVY3HL HOJYA
Ol 394¥HOSI]

96/0} HN ‘leroueH ‘gqe Buiesuibug pue yoressay

suoibay pjoD Awly 'S'N 18 USNIT Aq pafojdwa walsAs uo weibeip uoiejuawnnsul pue Buidid sjess-jo)14 “z-+ 21nbi4

YOLVYDIIGNI ALIDOIIA = A
YOLYIIONI JUNLVY3dN3L = 1L
YOLYDIONI ALIGINNH 3AULYIZY = IHY
HOLWS 3JNSS3ud = Sd

YOLVOIONI JUNSSTHd = Id

HOIH HOLMS 13A31 = HEY
MO0ILNL = |

YOSSIUANOD Y

3ATVA J3NM3Y 34nSS3Ud
IATVA VA

3AWA HO3HO

3ATYA AYO

JOLYINDIY IUNSS3Iud

3ATVA/LE0d TIINYS

TIM
30Yvds

XXX |/ o*&

§

1¥0d NOWDI3MNI
SYO Y32Vl

TTE 58

_
_
_

[ ©

3ATYA 340
g3ane v

A3ANIAD
WNM3aH

M
INGA

YOLYYYdIS
FANLSION

140d IdNYS
SVYO Y30Vl

o

® O

> Ly0d
FdAvsS

Y3M01g
SAILVYIN3O3Y

1]
p-ciNg[E] WANOWYA
IIVLNI

(NNNJYA)

34NSS3yd

ANIALV3IUL ¥OdVA
0L 394VHOSIO

dI04INY I
ONMJAYS

WANOYA &

1¥0d @
Fdnvs

Y3LIN
—0L0Y

£ )

P
dilid ONNdWYS
S¥Y9 43OVAL



EM 1110- 1- 4005
15 Sep 97

using steel pipe or tubing and direct push installation. Direct-push
installed injection wells nay be superior for preventing annul ar-space short

circuiting. Injection pipes or tubing can be connected to the riser using
t hreaded connections, fittings, or no-hub connectors, but care should be taken
to prevent air |eakage at joints. It frequently is advantageous to finish the

wel | -head conpletion with a tee, with air injection fromthe side and a

t hreaded plug on the top to allow ready access to the well for sanpling or
gaugi ng. A check valve may be necessary for pulsed injection to prevent
backfl ow up the well foll ow ng shutdown. Cuidelines regarding well design and
construction are discussed in nore detail in paragraphs 5-3 and 5-4.

(b) There are few avail abl e guidelines regarding the |ocation of
noni tori ng probes associated with a given injection well. However, injection
wel | spacings ranging from3.7 to 15 m (12 to 50 ft) have been reported in the
l[iterature (Wsconsin DNR 1993). Therefore given a ZO of 1.8 to 7.6 m(6 to
25 ft), monitoring probes should be | ocated at distances less than 1.8 to 7.6
min order to provide useful design data. Positioning nonitoring points in
various directions and at various distances from|AS points, as well as at

various depths of interest will enhance the data quality obtainable fromthe
pilot test. As a mnimum there should be at |east three nonitoring points in
the saturated zone, spaced from1l.5 mfromthe injection well, out to a

di stance equal to two tinmes the depth of the sparge point screen bel ow the
wat er table.

b. Pilot Test Mnitoring Methods. Table 4-1, Pilot Test Monitoring
Met hods summari zes data acquisition nethods for pilot tests, not all of which
will apply to a given test.

(1) Injection Pressure and Airfl ow

(a) Injection pressure and airflow should be nonitored at the |IAS
wel | head using an appropriately precise pressure gauge and fl ow nonitoring
device (e.g., anenoneter, annubar, pitot tube). Be sure to develop the |IAS
wells first so that an accurate indication of the air-entry pressure of the
formati on can be obtained during this procedure. |If the injection pressure,
P, is increased gradually in small increnents, and the correspondi ng injected
airflow, Qis precisely nonitored, one of three general scenarios is likely
(Figure 4-3) (Baker et al. 1996; Baker and MKay 1997). In each of the first
two scenarios, Qwll initially remain at zero until at |east the hydrostatic
pressure, P, is overcone (paragraph 2-5) (unless there is |eakage in the
delivery system between the point of measurenent and the sparge screen).

- If airflow comrences at, or very close to, P, (Figure 4-3a), this is an
indication that the observed air-entry pressure, P, is very small, and that
airflowis occurring predonminantly within the |argest pores. Airflow nay
potentially be well-distributed in this case if the soils consist of uniform
sands, but if the soils are non-uniform preferential flow via the npost perneable
pathways is likely.

4-6
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TABLE 4-1
Pilot Test Monitoring Methods
Applicable Analytical
Method Installation/s Equipment Results

Injection Pressure and
Airflow

Ports in wellhead or
manifold

Pressure gauge,
anemometer or pitot
tube, datalogger

Apparent IAS air-entry
pressure, well capacity,
system requirements

Neutron Thermalization

Access tube consisting
of bottom-capped 5 cm
(2") Sch. 40 carbon
steel pipe

Neutron probe with
source, and counter/
detector

Vertical profile of
saturation, ZOI

Electrical Resistance
Tomography (ERT)

Electrode array
attached to parallel
PVC pipes, 1.5-7.5m (6
to 25" apart

Power supply,
Current/volt meters,
Analyzer

Saturation within plane
of electrodes, ZOI

Time-Domain
Reflectometry (TDR)

Steel waveguide
pushed into bottom of
soil boring

Electrical pulse
generator/detector

Saturation in proximity
of waveguide

Tracer Gas Monitoring wells, Soll Tracer gas detector Z0l, Air flow velocities,
gas monitoring points, Percent capture
SVE wellhead

DO Galvanic "Implants", DO meter, Flow cell, Dissolved gas ZOl

Monitoring wells

Data logger, in situ
ampoules

Pressure (unsaturated
zone)

Monitoring wells, Soll
gas monitoring points

Differential pressure
gauge

Air flow ZOI within
unsaturated zone

Pressure (below water
table)

Monitoring wells, Soll
gas monitoring points

Differential pressure
gauge

Steady state air flow
ZOl

Hydrocarbon Offgas

SVE wellhead, Soil gas

FID, PID; vapor

Evidence that IAS is/is

Concentrations monitoring points sampling equipment not causing significant
increases in
volatilization

Groundwater Elevation | Monitoring wells Pressure transducer/ | Groundwater

datalogger

mounding; optimal
pulse interval
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- If airflow does not becone significant until a pressure well above P, (Figure
4-3b), the indication is that the sparge screen did not intersect nacropores or

hi gh perneability lenses. Airflow nay be well-distributed in this case if the
formati on consists of uniformfine sands or silts.

- Finally, if no significant airflowis neasured even when 0.6 to 0.8 tines the
over burden pressure (paragraph 5-3d) is applied (Figure 4-2c), then the sparge
wel | shoul d be depressurized. The indication in this case is that the sparge
screen is installed in a low perneability, high air-entry pressure formati on, and
there is a risk of pneunmatically fracturing the formation. |If possible, it is
recommended t hat spargi ng be rel ocated above such a layer, in a nore perneable
unconfined aquifer, if one is present.

(b) The interpretations of air-entry pressure as sunmari zed above and
in Figure 4-3 are based on the special case in which hydrostatic pressure, P,
is defined (see paragraph 2-6a) as being the elevation difference between the
pre-1AS water table and the top of the | AS well screen. Mre generality is
gained if P, is viewed as being a function of the elevation at which air
enters the formation. For exanple, consider the case in which the entire 1 m
long filter pack is in contact with a fine sandy soil having a noderate air-
entry pressure, except for two identical coarse sand | enses, one at the top of
the well screen, and a second 50 cm below the first, each having a relatively
low air-entry pressure. Air will enter the upper coarse sand lens first, when
the injection pressure, P, attains the (P, + P) value of that lens. |In order
for air to enter the | ower sand | ens, however, P, would need to attain the (P,
+ P.) value of that lens, a pressure head 50 cmgreater than the P, required
for air entry into the upper lens. Even though the two sand | enses are
identical and both in contact with the filter pack, a greater pressure is
required to overcone the greater hydrostatic head existing at the deeper |ayer
(i.e., greater depth below the pre-1AS water table). Baker and MKay (1997)
provi de exanples of how this nore general analysis has been applied.

(c) Note that in the event that the filter pack extends a considerable
di stance above the well screen, the P, value for this analysis must remin
that of the top of the well screen, because water nust be displaced at |east
to the top of the well screen in order for air to enter the filter pack. One
cannot di scern what |ayers have been invaded during | AS from nonitoring of
injection pressures alone. Stratigraphic information is also required, as is
a know edge of the capillary pressure-saturation curves (and correspondi ng
P values) of, at a minimum the |east and nost resistive |ayers between the
IAS filter pack and the water table (paragraph 3-3a(2)).

(d) Stepped-rate testing of airflow and pressure can al so be conducted
in conbination with other nonitoring techni ques, such as pressure nmeasurenent
bel ow the water table, neutron probes or ERT, to determ ne the pressure and
flow that produces optimal air saturation (MCray and Falta 1996; Mrton et
al . 1996; Aconmb et al. 1995; Schinma et al. 1996; Baker and MKay 1997).
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(e) 1t is recomended that the pilot test include nore than one on-and
of f-cycle. Although the ZO was not observed to change from one injection
cycle to the next, the expansion phase is seen to reoccur during each pul se,
during which the ZO is somewhat |arger than during continuous operation
(McKay and Aconb 1996). Incorporation of pulsed IAS into the pilot test
confirms the repeatability of the data as well as facilitating sel ection of
the pul se interval for design purposes (paragraph 6-6b).

(2) Neutron Probes. One of the best avail able ways to deternine actua
airfl ow pathways during IAS is the use of neutron probes. Neutron probes
nmeasure the thermalization of enmtted neutrons, which being proportiona
primarily to the density of hydrogen, yields a precise neasure of liquid
saturation. Subsurface hydrogen is primarily contained in water, although
hydrogen in contamnants is counted as well. The typical probe enmts fast
neutrons froman AnericiumBeryllium source and counts slowed neutrons using a
thermal neutron detector (Gardner 1986). The probe is suspended froma cable
and sequential neasurenents are taken throughout the length of an access tube.
The spherical zone of neasurenment extends 15 cmin radius fromthe probe in
saturated soils, and as much as 40 cmin unsaturated soils. Neutron probe
operation conducted during | AS pilot tests should conformto ASTM standard
D5220-92; however, in lieu of full calibration (which is not needed because
preci sion rather than accuracy is required), counts of thermalized neutrons
during I AS can sinply be conpared with baseline (0 percent air saturation)
counts collected prior to IAS. Figure 4-4 depicts a typical pilot test |ayout
showi ng four neutron probe access tubes arrayed al ong a radial extending
outward fromthe IAS injection well, and Figure 4-5 presents results from one
such test conducted in uniformsands (Aconb et al. 1995; MKay and Aconb
1996). Figure 4-6, by contrast, shows results froma test conducted in a
stratified formation, in which only slight changes of saturation are evident
during | AS (Baker et al. 1996). Such results were al so obtained during an |IAS
pilot test at the U S. Arny Cold Regi ons Research and Engi neeri ng Laboratory
(CRREL), Hanover, NH (Baker and MKay 1997).

(3) Tinme Domain Reflectometry. Time Domain Reflectonmetry (TDR)
nmeasures soil noisture content by propagation of el ectromagnetic pul ses al ong
a pair of transm ssion waveguides in direct contact with the soil. TDR offers
a preci se neasurenent of soil noisture content because the dielectric constant
of dry soil particles (approximately 3 to 5) differs so nuch fromthat of
wat er (approximately 80) (Topp et al. 1994). TDR systens have been depl oyed
for the purpose of IAS nonitoring (Clayton et al. 1995) by pushing a pair of
wavegui des (a probe) into the bottomof a soil boring to a known depth, and
backfilling the portion of the soil boring above the wavegui de with grout.
Each pair of buried waveguides typically consists of twin parallel steel rods
approx. 0.7 cmin dianmeter and 6 cmapart, with the Iength of the waveguide
sel ected based on the depth over which one is interested in nmeasuring an
average npi sture content. An electromagnetic pulse is generated that travels
down the two parallel wavegui des and the velocity of propagation of the
refl ected wave is cal cul ated. The zone of measurement extends only
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Figure 4-4. Site plan showing air sparging injection well, neutron
probe access tubes, and monitoring wells used in the study.
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approximately 1-2 cmfromthe waveguide. TDR is a well-established

technol ogy, provides real time noisture and tinme-series neasurenments, and can
be procured commercially, although probes suitable for deep installations
usual |y nmust be customfabricated.

(4) Electrical Resistivity Tonography. Electrical Resistivity
Tonmography (ERT) is a technique that can be very effective in nonitoring the
di stribution of air associated with | AS prograns. The technol ogy provides
t wo- di nensi onal inmages of the resistivity distribution between two borehol es.
The resistivity distribution is a function of water saturation, porosity, clay
content, and electrical conductivity of the pore fluid. As a result, areas
within the subsurface characterized by a | ow water saturation (i.e., that
created by air injection during IAS), will have a relatively high resistivity
in the resistivity distribution imge (Schima et al. 1996). Consequently, ERT
may be used to determine the air saturation adjacent to an IAS well. An
exanpl e el ectrode | ayout is shown in Figure 4-7, while results froma sandy
site are presented in Figure 4-8. Investigators such as Schima et al. (1996)
utilized well spacings of approximately 1.5 mto 7.5 mto develop resistivity
profiles. Their findings, as well as those in Lundegard and LaBrecque (1996)
suggest that ERT provides a robust nechanismfor nonitoring sparge performance
and the distribution of air within the saturated zone during |AS. This nethod
has been enployed in |IAS research, and shows considerabl e promise for |IAS
pilot scale test nmonitoring. Although the setup and instrumentation may be
nore costly than other nonitoring nethods, the data interpretation costs are
not anticipated to be particularly high. Algorithnms for anal ysis of
t onogr aphi ¢ data are common. G ven the potentially high resolution of
subsurface conditions in three dinmensions, there may be air sparging
applications that make the benefits of ERT worth the costs.

(5) Tracer Gas Tests. Tracer gas tests enploy gases not naturally
occurring in unconsolidated sedi ment, such as sul fur hexafluoride or helium
to indicate rates of subsurface gas flow. Ildeally, the selected tracer gas
cl osely approxi mates the physical and chenical characteristics of diatomic
oxygen, such as solubility and density (nmolecular weight). During the |AS
test, the tracer gas is injected at the injection well directly into the
injection airstream Equi pment required (Figure 4-9) includes the gas source
(gas cylinder), pressure regulator, flow meter, piping to the injection point,
a sanpling punmp, a tracer gas detector, and cylinders of tracer gas at a range
of known concentrations for calibration of the detector. Sanples are
typically collected fromdiscrete soil gas sanpling points in the unsaturated
zone. These points nust be sealed fromthe atnosphere when not being sanpled
to prevent short circuiting. It may be necessary to purge sanpling points
after each sanple collection. The results are interpreted to indicate the
spatial distribution and velocity of the vapor flows, and to indicate
preferential airflow pathways (Baker et al. 1995). It is also possible to
i nject a known mass of tracer gas and, by nonitoring the tracer gas
concentration in an overlying SVE system flow, determ ne the percentage of the
injected gas that will be able to be captured (Johnson et al. 1996a). This
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Figure 4-7. (a) ERT electrode layout in sparge well and monitoring
well; (b) Electrode layout in additional monitoring points. Neither are

drawn to scale.

(after Schima et al. 1996. Reprinted by permission of Ground Water
Monitoring & Remediation. Copyright 1996. All rights reserved.)
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Figure 4-9. Tracer gas measurements and helium recovery test (Johnson et al. 1995)
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t echni que shoul d be enpl oyed whenever there are significant concerns regarding
uncontrol l ed eni ssions to exposure points.

(6) Dissolved Oxygen. Dissolved oxygen concentrations within the
saturated zone are used alone or in concert with dissolved tracer
concentrations to estimte the extent of potential contam nant renoval through
bi odegradati on and an approxi mati on of ZzO. DO distribution is controlled by
advective and diffusive mechanisms. DO concentrations are neasured within
noni tori ng points by devices such as gal vani c oxygen probes connected to
dat al oggers, or by collecting representative groundwater sanples from
nonitoring wells for analysis by standard surface DO anal ytical techniques.

It is inperative that groundwater collection |ocations be isolated fromthe
at nosphere during air injection to preclude in-well aeration, and that
nmeasurenments be made directly in the wells where possible to prevent

bi odegradati on fromreducing the DOin the sanple to below the level in the
well. It is also advisable to enploy nmonitoring points screened entirely

bel ow the water table within zones of interest. The use of |owflow sanpling
devices for purging and sanpling mninizes variations in groundwater fl ow
patterns adjacent to conventional well screens and the potential for
nobi |i zi ng suspended, fine grained material which may bias groundwater
chemistry data. Procedures for lowflow (mininmal drawdown) groundwater
sampl i ng have been described by Puls and Barcel ona (1996). Alternatively,
conpari sons of pre-l1AS and post-1AS DO can conveniently be nade in-situ by

| owering prepared vacuum anpoul es (e.g., ChenEts® containing reagent into a
sampling well and using a trigger mechanismto break the anpoule's tip

al l owi ng groundwater to enter the anpoule and react with the reagent. The
ampoule is then lifted to the surface and conpared with colorinetric
standards. This nethod is fast, inexpensive, accurate, and mininizes the
aeration that can occur while punping groundwater to the surface (Pannell and
Levy 1993).

(7) Pressure within the Vadose Zone. Pressure within the vadose zone
can be nonitored using soil gas probes connected to differential pressure
gauges. These val ues have been used to approxi mate the ZO surrounding an | AS
injection well. However, research has indicated that this method may
overestimate the actual ZO by up to an order of magnitude, depending on the
definition of ZO, because the pressure influence propagates beyond the air
exit points (Figure 4-10) (Lundegard 1994). Changes in soil gas pressure in
t he vadose zone can be an indication of sparge air mgration fromthe
saturated to the unsaturated zones; however, they also can occur as a result
of baronetric pressure changes, and can be difficult to attribute to | AS
airflow due to the piston effect of rainfall events, as well as pressure
changes caused by SVE systenms, if concurrently operating. Although vadose
zone pressure nmeasurenments are not a clear indication of where airflowis
occurring, it may be possible to predict the ZO at the water table by
adopting certain flux assunptions and factoring in neasured soil gas pressure
gradients (Wlson et al. 1992). Measurenents of pressure within the vadose
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Figure 4-10. Schematic representation of the difference between the air sparging region
of influence in the saturated zone (ROI ¢4t) and in the vadose zone (ROI yaq)- The region
of influence will generally be less in the saturated zone than in the vadose zone. Discrete

measurements of vadose zone properties, such as pressure (AX), will lead to estimated

ROl g4t values that tend to be too large,
(Lundegard 1994. Reprinted by permission of National Ground Water Association.

Copyright 1994. All rights reserved.)
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zone at multiple points can al so be used to denonstrate continuity, or |ack
thereof, within strata.

(8) Pressure Measurenents in Probes Installed bel ow the Water Tabl e.
Pressure changes during | AS can be neasured at the well heads of monitoring
probes (soil vapor probes, piezonmeters or wells) screened entirely below the
wat er table. The observed results will differ depending on whether or not air
channel s intersect the probes. |If sparged air does intersect such a
nmonitoring point, it will readily enter the probe, which has a negligible
entry pressure. A gauge or transducer connected to the capped top of the
probe will then show a pressure increase equal to the pressure in the air
channel that inpinges upon it. |If still evident upon achi evenent of steady
state conditions (i.e., after decay of the transient groundwater nound), such
a pressure increase can be viewed as equal to the capillary pressure head
within the partially desaturated portion of the formation through which the
sparged air is flowing (MCray and Falta 1996; Mrton et al. 1996). That
capillary pressure head, in turn, can be related directly to the air
saturation using the soil's moisture retention curve (paragraph 3-3a(2)).

G ven a sufficient nunmber of nonitoring probes, the spatial distribution of
air saturation and thus the air sparging ZO can be accurately delineated
(McCray and Falta 1996; Morton et al. 1996; Larson and Falta 1996).

(a) |If air channels do not intersect the probes, pressure increases
will still be evident, but only during the transient phases that follow | AS
start-up or shut-down. Such readings are indicative of the propagation of a
pressure pul se away from a sparge point during the expansion and col |l apse
phases of I AS, and are thus related to groundwater moundi ng (paragraph 4-
3b(9)). Transient pressure increases followi ng | AS start-up should not be
construed as indications that airflowis occurring at such nonitoring points.
Thus interpretation of the ZO based on transient pressure changes at
noni toring points need to be made with caution (Lundegard 1994; Aconmb et al
1995).

(b) It is inmportant to note that air trapped in the saturated zone can
sonmetines take a prol onged period of tinme to dissipate following air
injection. Lundegard and LaBrecque (1996) observed that nineteen hours after
cessation of |AS, exhalation of air was occurring froma piezoneter screened
bel ow the water table at the rate of 0.014 n¥/ min (0.5 scfm and with a shut-
i n gauge pressure of 20.7 kPa (3 psi), behavior consistent with the gradua
deflation of trapped air that they i maged by ERT.

(9) Groundwater Elevation Changes. G oundwater elevation changes can
be nmonitored via water el evation probes in water table nmonitoring wells, or
via pressure transducers installed at selected depths and | ocations in such
wel | s and connected to datal oggers. Although a pressure transducer is capable
of measuring the hydrostatic pressure associated with a change in the water
table surface (i.e., that related to nounding), the head, neasured in
centimeters of water, is calculated by assuming a specific gravity of 1.0. 1In
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cases where the fluid colum in the aquifer consists of a nmixture of water and
air (e.g., during effective 1AS), a correction to the fluid density is needed

to calculate the change in head (cm of water) due to nounding. Therefore, it

may be nore appropriate to report the mound buil dup and decay as a pressure in
kPa rather than in cm of water.

(a) Groundwater elevation changes have al so been used to approxi nate
the zO around IAS injection wells, but research has shown that changes in
hydrostatic head radiate outward fromthe center of the transient groundwater
mound far beyond the | ocations of air channels (Figure 2-7) (Lundegard 1994;
1995). Therefore, such results are not indicative of regions subject either
to groundwater mxing or to air-filled channels.

(b) The magnitude of moundi ng depends on site conditions and the
| ocation of the observation well relative to the sparge well. Groundwater
mounds of as nuch as 0.5 to 1 neter have been reported in the literature
(Brown et al. 1993; Boersma et al. 1993; and Lundegard 1995) although in
coarse sands and gravel s, the noundi ng may be al most nondetectable. Lundegard
(1995) reports nound buil dup at distances of 1.5 to 19 m(5 to 63 ft) in a
rel atively honbgeneous sand aquifer under an injection pressure of 41 kPa (6
psig) and an air flowrate of 0.5 scnm (18 scfm. Mund dissipation occurred
within 3 to 4 hours after continuous air injection. |In contrast, nounding
associ ated with a heterogeneous sand unit with interbedded gravel and silt was
observed in nonitoring wells |located at distances of 33 m (108 feet) fromthe

injection well. The nound dissipated to within 85 percent of the initial
wat er surface elevation after approximately 5.3 hours of continuous injection
Maxi mum noundi ng was reported in a well |ocated approximately 1.8 m (6 ft)

fromthe injection well and was approximately 0.4 m (1.3 ft) in height
(Lundegard 1995). The amount of tinme it takes for the groundwater nound to

di ssipate is the recommended basis for determ ning pul sing on-off cycles. The
desired objective is for the groundwater to renmai n nounded during the entire
time air is supplied to a given well (paragraph 6-6b).

(c) It should be noted that changes in the baronmetric pressure should
be recorded fromnmonitoring wells during the sparge test. These wells should
be | ocated beyond the ZO to account for tenmporal variations in the water
table surface during the test.

c. Mnitoring Frequency.

(1) Mnitoring should be initiated i mediately prior to comencing
injection (to establish baseline conditions), and as continuously as
practicable for each parameter during the initial transient conditions. As
di scussed in paragraph 2-5f, in uniformfine sands, initial conditions have
been observed to include an expansion of the air-saturated zone, foll owed by a
col | apse phase (Figures 2-6 and 4-5) (Aconb et al. 1995). The ultinmate
"steady state" conditions also are dynamic to varying degrees for different
paraneters, although at a different time scale than the initial transient
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nmoundi ng conditions. It is inmperative that all the necessary background

par amet ers di scussed in Chapter 3 be nmeasured and evaluated prior to injecting
or extracting subsurface air, as perturbations can take extended periods of
time to return to the original conditions, if ever. As an alternative to

noni toring baronetric pressure, water |level fluctuations can be nmonitored in a
background well prior to, during, and following IAS. Vertical and horizontal
positions should be surveyed for all monitoring |locations for nodeling and
eval uati on purposes.

(2) Mst pilot tests have been conducted for relatively short tine
peri ods, often |less than one day (Marley and Bruell 1995). It is recomended,
however, that sufficient time (e.g., a mninmumof 8 hours, and in sone
i nstances, weeks) be set aside to ensure attainnent of Data Quality Objectives
(EM 200-1-2). The npost nodest of pilot test objectives would be sinply to
prequalify a site as potentially suitable for I AS, by neasuring injection
pressure and airflow during the onset of I|IAS (paragraph 4-3b(1); Fig. 4-3).
Such a test can be perforned and repeated in a day (Baker and MKay 1997;
McKay and Baker 1997). A nore comopn approach would be to maintain the test
to the point of re-equilibration of water |levels (stable air paths) during
IAS. If the goal is only to determine ZO during steady state | AS (based on
observed air saturation using pressure nmeasurenents bel ow the water table,
neutron probe testing, TDR and/or ERT), a short test of 8 hrs to 2 days shoul d
be sufficient. |If the goal is to observe oxygen uptake, then a duration of 2
to 4 days for the air injection portion of the test, followed by 2 to 4 weeks
for the oxygen uptake portion of the test may be advi sable, especially if DO
and/ or tracer gases are being used as indicators of ZO. Extending the pilot
test by several days can be far |ess expensive than the cost of
renobilization. Finally, if the goal is to observe contam nant concentration
decreases in groundwater, or indications of fouling, several nonths may be
requi red, depending on site-specific conditions. Note that care nust be
exerci sed when relying on nmonitoring wells for VOC and DO neasurenents during
and following I AS, as discussed in paragraph 7-2.

d. Respironmetry Testing. Saturated zone in-situ respironetry mnethods
have recently been tested at an |AS site at Ft. Wainwight, Alaska (Gould and
Sexton 1996). M crobial uptake of DO in the saturated zone was neasured
quarterly, and the decrease in DO concentration was attributed to
bi odegradati on of hydrocarbons based on certain assunptions, including soi
porosity and ZO . Accounting for advective and di spersive fluxes of DO away
fromthe zO follow ng | AS shutdown, as well as the effects of non-target
i norgani cs such as ferrous iron on oxygen uptake, are limtations of such
met hods.



